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Single-incision laparoscopic surgery (SILS) is a safe approach for cholecystectomy, with the potential to
minimise the iatrogenic trauma sustained from the operation. However, a number of reports show SILS to
be technically challenging and as such there is expected to be a signiﬁcant learning curve for expert
surgeons adopting the new technique, as well as for junior surgical trainees. There are inherent risks to
patient safety associated with practicing and developing new skills in a real-life theatre environment.
However, thus far, there have been no realistic SILS training models available. We tested the feasibility of
conducting SILS cholecystectomies on a cadaveric porcine model with standard operating equipment,
which may provide a platform to facilitate safe training and assessment protocols. In this paper we
provide an account of the training model technique, and review the literature surrounding SILS training
and performance evaluation.
 2012 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Currently, Laparoscopic surgery (LAP) is the gold standard for
cholecystectomy. However, it has been suggested that recent
advancements such as Single Incisional laparoscopic Surgery (SILS)
have to potential to replace LAP in years to come, for procedures
such as cholecystectomy, as more evidence is assimilated.1
For general surgical procedures, the LAP approach has many
beneﬁts compared to open surgery, including less post-operative
pain, reduced blood loss, and earlier return to normal
function.2e5 Improvements in these, and other parameters have
resulted in improved quality of life indicators.6 For many patients,
perhaps the most important long-term beneﬁt has been the
improved cosmetic result.7 A single-incision approach may provide
a further step in reducing the iatrogenic trauma sustained during
surgery. In this paper, we review the current techniques for training
and assessing SILS technique, and describe a new, high ﬁdelity
model for Single-incision Laparoscopic Cholecystectomy (SILC).ry and Surgical Technology,
the Queen Mother Building,
. Tel.: þ44 7851759471.
.
ciates Ltd. Published by Elsevier Lt2. The SILS technique
SILS is an innovative technique whereby the surgical instru-
ments and camera are inserted through a single specialised port (or
three modiﬁed standard ports) in the natural embryological oriﬁce,
the umbilicus. This scar is usually well concealed in the umbilical
depression. SILS provides access to all four quadrants of the
abdomen, allowing versatility in the range of surgeries that can be
performed. Initially SILS was used for cholecystectomy8 and
appendicectomy,9 but in recent times the technique has been used
for more complex procedures including gastric banding,10 right
hemicolectomy,11 sleeve gastrectomy12 and adrenalectomy,13 rep-
resenting the rising interest in this ﬁeld.
There are a number of practical differences between SILS and
multiport laparoscopic surgery. Restricting access to a single port
augments the technical difﬁculty of the operative platform.
Amongst the many physical challenges, the surgeon loses the
advantage of instrument triangulation, and must manage an
apparent mirror image in the display created by crossing over and
roticulating instruments. Furthermore, a so-called dynamic camera
view is the result of constant adjustments to avoid hand clashes
whilst maintaining an optimum view, alongside potential obscu-
ration of the light source from parallel instruments. To achieve
a satisfactory surgery outcome, it is vital that the surgeon and
assistant perform with effective teamwork and communication ind. All rights reserved.
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and a busy extracorporeal environment.14
The procedural steps taken in SILS, on the whole, mimic those of
conventional laparoscopy. However, with gaining experience and
new equipment, modiﬁcations are starting to be made for several
procedures to manage the limitations that a single port creates. In
SILC, for example, a common modiﬁcation is the introduction of
trans-abdominal sutures, allowing manipulation of the gallbladder
from outside of the body. This provides safety through effective
counter-traction, and facilitates completion of the case using only
a single operating instrument and camera through the port. Though
this will not particularly improve patient outcome, in theory it will
reduce the duration of the procedure and extend the access of SILC
(and its potential beneﬁts) to a wider community.
3. Evidence for SILC
The recent literature has shown SILC to be a safe alternative to
traditional laparoscopic cholecystectomy.15e17 In addition to the
established beneﬁt of improved cosmesis,18 a single-incision
approach as opposed to a traditional multiport approach suggests
a reduction in haematomas,wound infections andport-site hernias.1
However, large randomised controlled trials comparing SILC and
multiport cholecystectomy are yet to emerge in the scientiﬁc litera-
ture. The main body of evidence consists of case reports and small
case series,which showencouraging initial results. It hasbeen shown
that SILC is equivalent to multiport laparoscopic cholecystectomy
(LC) for a number of parameters including length of hospital stay,
blood loss and complications.19e21 Furthermore a recent prospective
studyhassuggested thatpost-operativepain22maybereducedwhen
comparing SILC to LC, although no signiﬁcant difference in pain
scores have been found in other studies.23 Some studies have also
highlighted difﬁculties of the SILS technique, including the novel
technical skills that need to be learnt14,24 and the associated increase
in operating time.19
As the evidence base increases, it is anticipated that the beneﬁts
of SILS will become more widely established. This may result in an
increased number of SILS operations carried out in the future,
potentially replacing the multiport approach for many procedures.1
4. SILS training
Given the technical differences of SILC, there is expected to be
a signiﬁcant learning curve for all surgeons adopting the new
technique, as well for junior surgical trainees.25 There are inherent
risks to patient safety associated with practicing and developing
new skills in a real-life theatre environment.26 These risks may be
confounded by the reduced training opportunities available in
theatre, under the new European Working Time Directive.27 It is
therefore preferable that the learning curve for SILS procedures be
somewhat restricted to a simulated training environment, whereby
surgical trainees and laparoscopic surgical experts alike learn the
new technical skills in the safety of the skills laboratory, before
working in the operating room.28,29
Currently there are no SILS-speciﬁc technical skills training
programmes available.23,30 Furthermore, given the perceived
difﬁculties of the SILS technique and its relative infancy, it is
predominantly expert laparoscopic surgeons who are performing
the majority of SILS cases in theatre. The result is a reduction in the
SILS learning opportunities for trainee surgeons. Moreover, it must
be remembered that even an expert laparoscopic surgeon would
still be considered a novice SILS surgeon - given the technical
differences outlined above. Thus, there is an increased risk to
patient safety during the multiport-to-SILS transition period, as
these surgeons are not technically proﬁcient in the procedurebefore entering the operating room. This emphasises the impor-
tance of training surgeons in a simulated environment before
performing SILS procedures in theatre.
5. Different training models for SILS
There are several laboratory methods available for surgical
technical skills training. These centre around the use of surgical
simulation, which can take many forms.
One option is rehearsing the basic technical skills tasks, such as
object transfer and precision cutting, on inanimate models. These
tasks form the basis of the Fundamentals of Laparoscopic Surgery
(FLS) training curriculum. As such, FLS has been successful14,31 in
enhancing trainees’ technical skills in LAP, ensuring competency is
attained before operating on live patients.
Recent work by Lewis et al.23 has shown that an FLS curriculum
(with a modiﬁed single-port FLS box trainer) may be an effective
training platform for trainees learning SILS technical skills. This
could prove to be an effective starting point for the establishment of
a procedure-speciﬁc SILC training programme. However, the main
limitation with this model is that the FLS-based tasks are not
wholly representative of the different technical skills used in SILS
procedures. Thus, it is suggested that a new, speciﬁc technical skills
training programme be developed for surgeons learning and per-
forming SILS.23 A formal training curriculum with proﬁciency-
based performance parameters speciﬁc for SILS could effectively
accelerate the learning curve and improve surgeons’ technical
competencies, with a similarly positive impact on patient safety in
the operating room.14,30,32
When developing a SILS-speciﬁc training curriculum, the use of
realistic surgical simulation (as opposed to basic skills tasks) should
be advocated. This may provide a valid and feasible method of
training technical skills, with potentially good transferability from
the laboratory to the operating room. There are many forms of
simulation currently available for use in surgical training. Virtual
Reality (VR) simulation allows trainees to repeatedly practice
speciﬁc tasks or work through entire simulated procedures, in
a safe and relatively realistic manner. Constructive feedback, based
on objective performancemetrics calculated from the VR simulator,
also beneﬁt the trainee in terms of monitoring progression inde-
pendently and improving technical competency. However, limita-
tions of VR training include a lack of haptic feedback (on all but the
most sophisticated VR simulators) and high initial costs of
purchasing the simulators, which can limit the feasibility of their
widespread use in surgical training. Furthermore, there are
currently very few SILS-speciﬁc VR simulators which can effectively
simulate the ergonomics of a SILS operating room, such as alter-
native arrangement and design of SILS instruments.
Another useful form of surgical simulation involves the use of
cadaveric specimens.33,34 Given the ethical issues surrounding the
use of live anaesthetised pigs for training in the United Kingdom,
cadaveric simulation is seen as a valuable tool for technical skills
training.33 Both human and animal cadavers can be used to safely
rehearse speciﬁc surgical procedures. For example, porcine liver and
gallbladder specimens have been shown to be a practical and high
ﬁdelitymodel for LC training.34 Cadaveric simulation has the beneﬁt
of true haptic feedback from the interaction of surgical instruments
with real organs and structures, and a realistic surgical set-up. The
limitation in realismusing cadaveric specimens comes from the lack
of respiratory movements, pneumoperitoneum, human anatomy
and response to trauma including bleeding and inﬂammation.
Despite these limitations, cadaveric specimen-based simulation
provides an invaluable adjunct to surgical technical skills training,
which could be effectively implemented into a SILS-speciﬁc training
programme.
Fig. 1. Cadaveric porcine SILS cholecystectomy model set-up.
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were performed, and we provide a report of the ﬁnal technique.
6. Cadaveric porcine SILS cholecystectomy
A cadaveric porcine liver with gallbladder in situ was placed
inside a video box trainer rotated 180 supero-inferiorly as
prescribed by standardised training courses16 (Fig. 1). Before the
box is closed, a diathermy patient return pad (dispersive electrode)
was placed underneath the liver with the cable passing outside of
the box and into the diathermymachine. A SILS port (Covidien, Inc.,
Norwalk, Connecticut) was used in the umbilical position (although
two small standard ports can be used) through a 2 cm incision in
the synthetic, neoprene abdominal wall. A thirty-degree 5 mm
laparoscope was used, connected to a light source, with a monitor
at eye level.
Standard laparoscopic instruments were used, including
straight needle holders, endoscopic grasping forceps, straightFig. 2. Laparoscopic view of cadaverielectrocautery hook, mini-retract, curved scissors and clip appli-
cator (Fig. 2). Both the forceps and scissors had a roticulating
function, which was occasionally used.
The so-called ‘puppeteering’ technique for SILC was used by two
SILS experts (PP, SP), described by Chow et al.35 and above (Fig. 3).
Exceptions to the technique due to the limitations of the model
were few. Firstly, due to the rotated position of the specimen in the
box trainer, only one counter traction suture was needed. This
suture was placed through the most superior midline position on
the synthetic abdominal wall, through Hartmann’s pouch, and out
through the most lateral position on the ‘patient’s’ left side, before
being secured by clips. Secondly, manipulation of the free specimen
using the suture can result in it being lifted of the bottomof the box,
and so sutures were used to fasten the specimen to material on the
base of the box. Also, the angle of approach differed to that of
a human case due to the depth of the box trainer (and lack of other
abdominal viscera), and impenetrable plastic perimeter forced
surgeons to place the exit point of the suture more medially than
usual. Raising the specimen on a small platform inside of the box
trainer may improve the operating angles.
Two expert SILS surgeons completed two SILC’s each and both
reported that they found the model very realistic, apart from the
forementioned differences in anatomy. Though more expert opin-
ions are necessary to show face validity of the model, initial reports
have been very positive. Further, for the model to be used as an
assessment tool, construct validity must need to be shown by
evaluating the strength of the model to differentiate between
surgeons of varying experience.
Using this model, trainees would be able to rehearse and
develop a realistic appreciation of speciﬁc technical skills used in
SILC. This would be enhanced by using the SILC-speciﬁc instru-
ments in a SILC-speciﬁc simulation model. This set-up would
facilitate concurrent training of technical skills with teamwork and
communication skills between the surgeon and assistant (for efﬁ-
cient coordination of camera and instruments).367. Measuring technical performance
In order for the proposed SILC model to provide most value, an
objective measurement of trainees’ technical skills is required. The
Objective Structured Assessment of Technical Skill (OSATS) tool has
demonstrated high reliability and construct validity,37 suggestingc porcine SILS cholecystectomy.
Fig. 3. Extracoporeal view of cadaveric porcine SILS cholecystectomy.
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speciﬁc rating scales (PSRS) have been shown to be able to distin-
guish between surgeons of variable surgical experience and a reli-
able tool for assessing performance of multiport laparoscopic
cholecystectomy (LC). However, given the signiﬁcant differences in
techniques used between SILC and LC (outlined above), a new PSRS
would be needed to accurately assess SILC performance.
As an alternative, or an adjunct, a motion analysis tool such as
the Imperial College Surgical Assessment Device (ICSAD) may be
used to provide an objective measure of performance for SILC. Both
PSRS and ICSAD would have to be validated before being imple-
mented into training programmes or accrediting roles.34,38e40
8. Conclusion
The potential advantages of the SILS approach suggest it will
soon become a key component of a surgeon’s armoury. Additional
pressure for surgeons to adopt this approach may come from
increased patient demand following publicity from so-called
‘scarless’ surgery. As such, there must be an emphasis on
providing adequate training for surgeons. The learning curve for
SILS procedures is best restricted to the simulation environment,
with surgeons preferably achieving proﬁciency before entering the
operating room. This is important, not only for junior trainees
learning the technical skills for the ﬁrst time, but also for expert
laparoscopic surgeons, who have to relearn how to perform
common procedures with the SILS approach.
Given the procedural and technical differences of SILS, it is
necessary to develop high ﬁdelity models to be implemented in
a valid, SILS-speciﬁc training curriculum. In combination with
a PSRS, the SILC simulationmodel described in this paper may form
an ideal platform for safe, cost effective adoption of a single-
incision laparoscopic approach.Ethical approval
Not applicable.
Funding
Internally funded at Imperial College London.
Author contribution
Richard Kwasnicki e Lead author e concept, conducted study
(‘data’ collection), writing.
Trystan Lewis e concept, conducted study.
Dimitris Reissis e literature review and writing.
Muthuswamy Sarvesvaran e literature review and writing.
Paraskevas Paraskeva e concept, conducted study, SILS expert
advice.
Conﬂict of interest
None.References
1. Greaves N, Nicholson J. Single incision laparoscopic surgery in general surgery:
a review. Ann R Coll Surg Engl 2011;93(6):437e40.
2. Reza MM, Blasco JA, Andradas E, Cantero R, Mayol J. Systematic review of
laparoscopic versus open surgery for colorectal cancer. Br J Surg 2006;
93(8):921e8.
3. McCormack K, Wake B, Perez J, Fraser C, Cook J, McIntosh E, et al. Laparoscopic
surgery for inguinal hernia repair: systematic review of effectiveness and
economic evaluation. Health Technol Assess (Winch Eng) 2005;9(14):1e203
[iiieiv].
4. McKay GD, Morgan MJ, Wong SK, Gatenby AH, Fulham SB, Ahmed KW, et al.
Improved short-term outcomes of laparoscopic versus open resection for colon
and rectal cancer in an area health service: a multicenter study. Dis Colon
Rectum 2012;55(1):42e50.
5. Ohtani H, Tamamori Y, Azuma T, Mori Y, Nishiguchi Y, Maeda K, et al. A meta-
analysis of the short- and long-term results of randomized controlled trials that
compared laparoscopy-assisted and conventional open surgery for rectal
cancer. J Gastrointest Surg 2011;15(8):1375e85.
6. Velanovich V. Laparoscopic vs open surgery: a preliminary comparison of
quality-of-life outcomes. Surg Endosc 2000;14(1):16e21.
7. Carraro A, Mazloum DE, Bihl F. Health-related quality of life outcomes after
cholecystectomy. World J Gastroenterol 2011;17(45):4945e51.
8. Litynski GS. Erich Muhe and the rejection of laparoscopic cholecystectomy
(1985): a surgeon ahead of his time. JSLS 1998;2(4):341e6.
9. Esposito C. One-trocar appendectomy in pediatric surgery. Surg Endosc
1998;12(2):177e8.
10. Oltmann SC, Rivas H, Varela E, Goova MT, Scott DJ. Single-incision laparoscopic
surgery: case report of SILS adjustable gastric banding. Surg Obes Relat Dis
2009;5(3):362e4.
11. Bucher P, Pugin F, Morel P. Single port access laparoscopic right hemi-
colectomy. Int J Colorectal Dis 2008;23(10):1013e6.
12. Reavis KM, Hinojosa MW, Smith BR, Nguyen NT. Single-laparoscopic incision
transabdominal surgery sleeve gastrectomy. Obes Surg 2008;18(11):1492e4.
13. Hirano D, Minei S, Yamaguchi K, Yoshikawa T, Hachiya T, Yoshida T, et al.
Retroperitoneoscopic adrenalectomy for adrenal tumors via a single large port.
J Endourol 2005;19(7):788e92.
14. Santos BF, Enter D, Soper NJ, Hungness ES. Single-incision laparoscopic surgery
(SILS) versus standard laparoscopic surgery: a comparison of performance
using a surgical simulator. Surg Endosc 2011;25(2):483e90.
15. Markar SR, Karthikesalingam A, Thrumurthy S, Muirhead L, Kinross J,
Paraskeva P. Single-incision laparoscopic surgery (SILS) vs. conventional mul-
tiport cholecystectomy: systematic review and meta-analysis. Surg Endosc
2011. Epub ahead of print, [accessed 27.02.12].
16. Antoniou SA, Pointner R, Granderath FA. Single-incision laparoscopic chole-
cystectomy: a systematic review. Surg Endosc 2011;25(2):367e77.
17. Cao ZG, Cai W, Qin MF, Zhao HZ, Yue P, Li Y. Randomized clinical trial of single-
incision versus conventional laparoscopic cholecystectomy: short-term oper-
ative outcomes. Surg Laparosc Endosc Percutan Tech 2011;21(5):311e3.
18. Froghi F, Sodergren MH, Darzi A, Paraskeva P. Single-incision Laparoscopic
Surgery (SILS) in general surgery: a review of current practice. Surg Laparosc
Endosc Percutan Tech 2010;20(4):191e204.
19. Curcillo 2nd PG, Wu AS, Podolsky ER, Graybeal C, Katkhouda N, Saenz A, et al.
Single-port-access (SPA) cholecystectomy: a multi-institutional report of the
ﬁrst 297 cases. Surg Endosc 2010;24(8):1854e60.
20. Gangl O, Hofer W, Tomaselli F, Sautner T, Fugger R. Single incision laparoscopic
cholecystectomy (SILC) versus laparoscopic cholecystectomy (LC)-a matched
pair analysis. Langenbecks Arch Surg 2011;396(6):819e24.
21. Erbella Jr J, Bunch GM. Single-incision laparoscopic cholecystectomy: the ﬁrst
100 outpatients. Surg Endosc 2010;24(8):1958e61.
R.M. Kwasnicki et al. / International Journal of Surgery 10 (2012) 285e289 289
ORIGINAL RESEARCH22. Tsimoyiannis EC, Tsimogiannis KE, Pappas-Gogos G, Farantos C, Benetatos N,
Mavridou P, et al. Different pain scores in single transumbilical incision lapa-
roscopic cholecystectomy versus classic laparoscopic cholecystectomy:
a randomized controlled trial. Surg Endosc 2010;24(8):1842e8.
23. Lewis T, Aggarwal R, Kwasnicki R, Darzi A, Paraskeva P. Does previous lapa-
roscopic experience improve ability to perform single-incision laparoscopic
surgery? Surg Endosc 2012;5:1214e9.
24. Cox DR, Zeng W, Frisella MM, Brunt LM. Analysis of standard multiport versus
single-site access for laparoscopic skills training. Surg Endosc 2011;25(4):
1238e44.
25. Hawasli A, Lloyd LR. Laparoscopic cholecystectomy. The learning curve: report
of 50 patients. Am Surg 1991;57:542e4.
26. Sariego J, Spitzer L, Matsumoto T. The “learning curve” in the performance of
laparoscopic cholecystectomy. Int Surg 1993;78:1e3.
27. Canter R. Impact of reduced working time on surgical training in the United
Kingdom and Ireland. Surgeon 2011;9(Suppl. 1):S6e7.
28. Kneebone R. Simulation in surgical training: educational issues and practical
implications. Med Educ 2003;37:267e77.
29. Aggarwal R, Darzi A. Technical skills training in the 21st century. N Engl J Med
2006;355:2695e6.
30. Khandelwal S, Wright AS, Figueredo E, Pellegrini CA, Oelschlager BK. Single-
incision laparoscopy: training, techniques, and safe introduction to clinical
practice. J Laparoendosc Adv Surg Tech A 2011;21(8):687e93.
31. Ritter EM, Scott DJ. Design of a proﬁciency-based skills training curriculum for
the fundamentals of laparoscopic surgery. Surg Innov 2007;14:107e12.32. Krajinovic K, Germer CT. Laparoscopic single port surgery: is structured
training necessary? Chirurg 2011;82(5):398e405.
33. Mitchell EL, Sevdalis N, Arora S, Azarbal AF, Liem TK, Landry GJ, et al. A fresh
cadaver laboratory to conceptualize troublesome anatomic relationships in
vascular surgery. J Vasc Surg 2011. Epub ahead of print, [accessed 27.02.12].
34. Smith SGT, Torkington J, Brown TJ, Tander NJ, Darzi A. Motion analysis: a tool
for assessing laparoscopic dexterity in the performance of a laboratory-based
laparoscopic cholecystectomy. Surg Endosc 2002;16:640e5.
35. Chow A, Purkayastha S, Aziz O, Pefanis D, Paraskeva P. Single-incision lapa-
roscopic surgery for cholecystectomy: an evolving technique. Surg Endosc
2010;24(3):709e14.
36. Müller EM, Cavazzola LT, Machado Grossi JV, Mariano MB, Morales C, Brun M.
Training for laparoendoscopic single-site surgery (LESS). Int J Surg 2010;
8(1):64e8.
37. Aggarwal R, Grantcharov T, Moorthy K, Milland T, Darzi A. Toward feasible,
valid, and reliable video-based assessments of technical surgical skills in the
operating room. Ann Surg 2008;247:372e9.
38. Aggarwal R, Moorthy K, Darzi A. Laparoscopic skills training and assessment. Br
J Surg 2004;91:1549e58.
39. Moorthy K, Munz Y, Dosis A, Bello F, Darzi A. Motion analysis in the training
and assessment of minimally invasive surgery. Minim Invasive Ther Allied
Technol 2003;12(3e4):137e42.
40. Dosis A, Aggarwal R, Bello F, Moorthy K, Munz Y, Gillies D, et al. Synchronized
video and motion analysis for the assessment of procedures in the operating
theater. Arch Surg 2005;140:293e9.
